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*thtz x & StfTtft 1 ©<£«©i *a-*- <t ft 2 

iilfCil^i:S^t«tii^(,, fti©<£;f8©^* 
tmz ©tela©* ioifc t «t 4>r: 

(Ob LX%4i-f2>***'*-fe&&&Lt, 
<hft 2 ©tf#©ifc,b t t »c ft ffc-f a 

ft i (DWfttm 2 ©ft**©-;***** i © 

I«l^ii2(Dlfi;^t*L, ftl©«SU#ttft 
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t £*#*£-t**«*.T:^*^m*-C© 
0) ft l ©te*8fc;fr?-*ft l Ojti^^¥-ir- 

A**nx-c^&#m©ft i ©«J*^&*f-*-* x 5 

*~ a fc-t©#da©ft l ©««^#tt:r* x 5 fc 

#®©ft i ©«###* ix-ftx-*** 
- * £tt**:*>KH£fis *e>*> fti©*r-A£ 
fti©^-A©s«©-<^ h ^fafrjR-t- te^flr-* 

^©ttffi*7*:f-!ti*flr-S-*, Kft.-C**«B6*T 



fcfcfi < ER*n, ft l ©WBfl# £ ft 2 ©ffiB*J# 
ttfcb^Kft i ©j£#<tft 2 ©##£#*-£, fti 
OjK^ttte^tTOEii t UtjtffcL^ ft2© 

E J* ft IE 

(i) in-c^isio-sntci i ©#&***© 

fti©«afc**£> ft i <omm 1 1 % vc&it-tz*; 
Hi ft i ©ta ft i ©**m 

ft i e>EN&l*0f&oEfKAf»*r*LTtt*LTVt 
£ N *W*»feft 2 ©EEtt©W*CR*t 6>*t % ftl© 

fc*:f*ft2©m;**%£^*ft2©1*to*S^R 

ft i ©^tti^s^fttt? fti©m^j©tt 
^«^ix^fti©tti^tft2<Dm^^s^*^ 
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*^ffrC-tn^nffi«-5-^^^7tft 1 ©ft* * 
-563s«* X CXft2©ft**A^-S6£#,>: x 

ft 1 ©«flfc#^ I tfft 1 ©&«©* * *> * - 3d* 
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2 ©ftx *Ar*-%>*£m<D-l5k <DMK&etZtl 
t % Jft 1 ©x * -**fcb^S*:<bS& 2 ©x * 

*^*-*:tti**&a&a*k©** 

«^R©w#©ifc*jtf*KT^**w< -e©ffi* 
t^tnic, **.-c^a«BStf* *>ai 2 ©t*m^ 
at r©EE»x i?«^-c^*ig«i©^fK:^i ©t* 

- 7 - 

com 1 ©x^.yu^-%^^gi:i^®0«gttX 
iM^M?^ » 2 ©fiC«^^^^>« 2 ©x 

2 ©x *<*¥-3&£^ft t t 

12 © *-^©£W©ifcfc#:r*3:fc<5^ 
t ©x *a**-J5*^R|C»«S*i, 

© m m * * m a t % £ -t * & m a 

3. %93©l?flB*K?l 
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& M * * * ^ * ~ & H * » t > 

ft 1 ©«#*fe£«3*i****'*-fc£tt* 

& 1 ©Sff#^fe£#£^* 31 

mi ©t*ta#i£©wfl tss 2 ©*»#»©»*! 
9) a* i ©tt***-f &**a,*-***-c^* 

1 ©X * A, ¥ -&>£i^&.ty 
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tTfettt^*^©^*: &<$?#© is ^n-cv-* 
a «*«*©*!« tts Lfrc^a-r* t 

■^*>fel6*C^tt©jfe^fttt^i«£3fe|ia*« iXT^A 
2^ ^©^^©aib/Ci: W:H^»iJ4©JKM5r 

h t 5 K 2 ^©£4** jt*3fc&-K •**-*>©#;;?>< 
& Dyt«!tJi:«:L-ciinT^i*«*i-c©iett 
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^filtUfilA^BIS^ iX^c^d^fflPdaE^ 675,665 
BiJfc&k<**L.6X$ iSIMt/f^H^^n 

Jt C^ffftlOttflt^jieiSWttK 2.651,771 
3& 4, 066,778^ , # 4 , 479 , 706 # fc> X O* 8* 4 , 4 
73,285 ^^iM^^R^^H-r^Ao 

r^«tts^^ntic/h* < «»tixw:« *©* 

ftS^^iiUJ: J? -«©£# * 
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^©*a©ttte#ri<E*fc:wa L*r> 

fcj*i-s>-C, ■*©&«***«•*•* t £KI X # 

*&©E*R©te«KKK2*t-c^& 0 

1 ©x^yu^-lftJH^ft 1 2 tt9fcttiK*35£:f* 
Eft^M K (LED) Tfcj£«5*L N jfrttifc** 

a-*-© fin 4 1 6 Ttj* <*nt^£ 

X 5 4ft«Kt»ot «ifij 1 O^iftt^io 
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iEW*XD : i£ffi*<fc«tfca}&«fc«Sf'^* tot 
&*£^fH©#fK:2 

^ttttflt-cfcfifc-cft^ -t^ibo^^^^-ttWi: 
sst«t«:M'5n*^> — #©* * 

* £>©*. ^^^-^r^ivT^^^ffi© — BP 

fcflS#L> -*r©^ * -© — 8B#£iti3 fti« 
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i>il&2 ©i*/u*-#jtfi£« 1 a ^> Sli o 

^ t> LED 1 2 *T©Bg* I: J> flrSfcMEMI L# tttt*L 
% $>ixtf> LED ©afc^iEBfr^KK^ix*^ 

j^^kw:, tlj ©itsw: o z$it>fiL&m <om Kmw 
mmLKwm-c ft 4^^-^^ (b*tsfc^fcw;si 

^£«»fr© X 5 fcHifrfcJBOT LED1 8 2 © 

^^^ai ^^f-tr-^tSSil LED1 8 

ft LED1 2 © J:$)&;5K:7n£ fX-CV^£o LED 1 2 , 
1 8 )d* fe©JC *a.¥- k^- Afct^f© 1 0©/^2 4 

i2 6©w©®^^^^nS4i>^o"t:^^^i® 
©laffitcsis^jsa'^p «t©fatftx)» ^©^ •¥ 
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iMP«JtiftO-C^^^¥-^«tfcmS 3 4 KA 

£rJ£/8a*»© 4 2 KS6£-t*36ISg40 

1 EK*^ *l-C^*p -tO W^ttJR 4 6 i 4 6 

O foJjttifc 5 Ot^Lt LED12 ^^.^iltv 

-tOLED12t*l ©fflfifcft* itfS* 1 ©te*a r 

fi^n^n^ m 4 2rc*-tt*to2>*±ie5 4 * 
^«-^«t»5 5 fc*-L-cj&2 ommmma s 

-t©» 2 ©Kfitttfa 5 6 fct#*S<**v 
^ifll^tiBS 8 t^LtLED18'N^^t> -t© 
LEC1 8 *m 1 ©ffifl£#-C &&tf*S82 ©<£*§-Cffi 
it*. L7tri*0-t, LED 1 2 £ 1 BW:5SSIf40 



^7t^*^*-©ft«fcttLT&#<*ix* 

tt* < ( 4 fcfc, 

120 -l 80S )£«l*«fl:fe*f <* 

fcttx -t^ fe©flfri^3t;&K: x J> *t* 0 l 

^<DmkK*V*Xft^ ^KfittlOKH^ Lfc40 
ii^ #*SJttt 1 20 <t 1 80 &©«©;*: $ -C 

3 4KX£&ffi-3^7tS#x*/u^-fct> LED 1 2 

t i a frtx £$&£;5*LA:}t3fc©^^ h*-#j-r:$>&o 
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-t© LED1 8 £>©##«?# £2 ttZfc5£-C#;t ^. 

1 1 
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t*tti823 4 ©ma^Q^ BSD 3 2 ri*tfcW&34 

©^t^tSiz^utiiitti^ t© 

fctog**)*LED12 rf> ft* Fi fr±, 

KWQ 



F , « E 1 X 
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Fl= J^ x JS^ (4) 
R* 



PJ«*C, fcttitS 3 4 LED1 8 7>» b<D ft 

KWQ 



E t X 



($) 
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( R+ L) 



mux^zmffi-i x<omm r km^Lx ^&k^ 

-gt«,iiti^ Fi, F,©fiM^^O 

rf» t>-j£Tf±4^ 0 L^iiO^ #JfcF,, Ft© 
^itii^i-So F. iFt ©Jfcfc 

WQ * I Xjh * < 4 ho UTt^O-Cx Fi iFi 
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ttv ±t nam 2 wKTF'fi 5 k f i tp» 

6 0 (Fi)i:Lt^^iit^*o LED! 8 

* ( l70fit)«r^L-C^«^SD : &^ep 6 2(F, ) 
t Lxm 2 H(C**S tLX\s>Zo 

2@tC^6P6 6 T^^ilt^io tO»*^^h 

^ Y * 6 6 IdU &® 1 0 fc***t*J&2 4 
t 2 6 OMOfBJiAi X *> K#m & 3 4 tf*-k v 
\ <* tllt$tK*<DVtm& 3 
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Xtttfrs ^® 1 0 Zto&K LED12 TffiJtf L> 
LED1 8 XmX-t h X *> -til^OLEDt 

©*fi^K:f±> tfcfflf* 3 4 <o mtitv- ^7/*-* - 
A, Klalft ( K^-^r ) t -60 

2 ooflT-^tlKrBB L^t X 5 K 

*£*«*<^ 6 ©«* ©ttftfll Tcn^r ? 7 yfr 

tLX\s>Z 0 m 3 V&Kfr^X^ Ii/It f±0.3 

170«OB?O*-7't»to fit til r 2tt^««^ 

leoo^o ^-T'iriiu 1 7 4 
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t0 5S:0^«fCttFi/Pi ^tiilt^i^bN 

* 5£(4) , (5)fc5£e7)fc<tA-r* t <t x *> 



v — to s 

11 ( R + L ) 

X f OB » 

Lftrt^X^ m 3 Hid* X 0 Cc % tt*8ft 

LED 1 2 <h 1 B&ftZ$K9bV?1-Z> <D h L T tfc U 
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OffHtt^HI Lt, LEDl 2 i 1 8©£fcfcf©5ai* -C 

jjKQ£^>X$i&<Dm*:&tt-t h £ 

»30ttO - 20 0 iimOlg)ilK:o^X<D3CfbO-^ 

o <h &v*mU t X Kit JE t <b 

ht, 5I« 7 0 ^-CV^* X 5 * * - 7-7^ u 

t LXiX^tt* - 7Kfr* D $L< iS^Ut^i C 
tfr&m^tiXVi&o \f*^frJL2>t> v-sXirtij 
/ ZftX&Wimt'-yKte'ZXtbKo 
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1 8 2 . 8 4 L-C«lff» 8 0 ^-£;t fc**o 
-tO»(fi«om^tti8 8h jg 8 8 

^ » 9 2 1 tftLxmna s o ©£.A2>#^^ 

tl&o -tOttttlfttfSSHU 563*** 4 0 * hU 4 2, 
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t$* 0 -t*L boat Li*»*rti»*rt;*-** h 

h a>**£* **«©#»** 4 (arc^ 

-sivx^&fflo&mw® x s fc^3»*-r«>^idr^ 

fitifc^DSi o VTst-stLX^Zo m i WKTK-zthx 

\*Z> x ft LED-C*#-C # 

1 * 1 1 2#. x*a^¥-*-a 

ii4,ii6oi 5 * attic fBo-cueaui 1 o 
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4 6,9 6 t^Lt26*A^tW4„ ItrEGB)* 

j» i02^W^^r>2>^aofrc^ ftfctfcfcbS 9 4 <D-r << 
;d/oh:^imoo^I9 8 K£ i;* to#;d*-4;L 

Titt«^ws9 4 *$>©ma*aft&j6flr^*3B 

4t4^*K:-to^ >f ^ p 7^ a K<£# 
tfcws 9 4 *»• bottom a u^/otr«> -^-f^ 
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A^^-«tlt8^x^^¥ - * - ^ 120, 

12201 MftK^fi^tssno^ltit^ 

fi*3©x*^¥-«124#^*^=¥-fcf-A£jg 
*& 1 2 8 , 1 28© X 5 ftefcKfe^-r:^® 1 1 0 .^s 
*t LT^^tlS^^^^ ^tW4 0 I* 3 EifC^-t- X 

5 K % LED1 1 2 <b 1 1 8 tt^® t 0 ri> 
<DmK&9.-&fr&o m 3 © LED1 2 4f±fft© 2 |H© 
LED X *> ffi*nB*l£ L X.V&ffi \ Q\frbmtlX^Z> 

ffrKRfl «*:ft.*o SfiEL^i5^N ■* 

x * A^-ew^fc&tt hixit^ * x i)^55£ 

^^nt^in^s ^® 1 1 0_k<D/£ 1 30 tl 32 
<DN<D&t&X1&* l>& 5 £ *> KLX^ 3 {£9 ©LED 

1 3 4 , 1 3 6© X 9 Zm&KIQOX&LJh, ffitffflJ** 

i 38<t Lt^^ n-rv-vi wogf5«:iA^r^ leok: 

X &M^ti±&*i + 1 4 OK AW 
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-rz>o m i arc^-s^-c^ a x 5 rc> #aisi4o 

* e * 1 BK^^flt^i X $ K> MDUHt 
1 3 8ttE*J* 

wkiwku *m»i4o©*«wawtQTfc&. 

ft IBS 15 0 ( #3 0 ) #flr5£«fc#<D«-S*r» 

LTeft*"«» 1 58-^*. ^nrcxjjJEft 
£tttttt^8o««**Bft4i-**96&U -to 

eft«#fc»160*:fr LED124-^,*L*o 16 
me 150Om^f±J»162i164«r^LT»2OK 
ft«IM 186^ -t©#2©fift*# 
<BS©to^^»168«r^LT: LED1 1BOA^«^ 
^j£*_*>*l£o L*3d*^T> LED118Hx 55ffi3i 

isoom^iR D«i&ft*rxcxra i:tt*G©«-^ic 

X i>eft<***o 1 50OttS^4rft^.im 3 

OgKUtf 152.162.170,172*3S**>O-rfc 
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o*r, -*©eifrfc&^-c-t-©tfi:fctt0* 2 ©©*s«& 

l74^^«*.kn*o »2©( 9 0ft)»«S174 
©ffi;fctti»176fc^LTS&3 ©fift#ff*S 17 8^ 

#*£>*t* 0 to»3 ©eft**!*©***** 

18 0fc^LT LED 1 t2^4t^t-tO LEDtE 

1 10±©/& 130£l32©l«!©«#ttN ft 1 
(g^C^^ ttT^^> 3 fflO LEDtf> 

^ h /u*D*<*JttB 140fclj>l*»*it*. 
55 150<OtH^iRffltl>4 LED 1 1 8rf» bOfl 
#*F, 3(15 HiC^fiP 190T^**L"C 

U>&-*©^^ h^tt*^J£^'*o l6IB»150O(ti 
2) it ttft*' 1 8 0 St J** 4 LED 1 24^^0«#F« 
fl, ^ 5 EatC^fn 1 92-C^^tvT^i X 9 i^2c^ 
JS0\ ^fip ISOttttt*^ 180«**&«LBD112 
*6»0%XFi #ft5 BB»CJi*^KOf«*ai 1 94 
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9 0 #5 EtCi^T. Jt«F, t F, 

L-C^^ttt^^o *c63 1 98<k L-C^^ifC^i 
h A^ttfcf^ 1 88£1 94©MfcJgtf <5*t7t 
*fftj«T*> £ % 3 9©x * y^-ft LED 1 12,118, 

1 24*fc©ia*jt**#*. 

^ h^198t)tJR-<^ 9 0©M©{fc 

»tKMtil5lc, -toft 

140^»i4^ftt^> M*fcQ> LED 1 1 B * 

bOticrnvm-S <r I i -tH*$>©3fcX 
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(9) 



ffltttK, ledi 24^ bo&ftoai^ t i • ti~i 
h •*:© LED* *>©;£Xfc0e Ei tt^^KiDJ^ 

It 



E, = 



go 



fflttic^ ledi i it* *>©&#*©»* 1: i i iti 
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E t 



(ID 



ff 1 (3i:^^U-CifTO^:»^fira»^xLED118 
KWQ 



Fi =* Ei X 



I i KWQ 

X 

R* 



F\&K^ LED1 24* fe&tfS tLX&ft 11 035* 

KWQ 



F t = Ei X 



KWQ 



I i 



as 



(R+L) 

* ?t> LED 1 1 2* ft-C^ffl 1 1 0* b& 

KWQ 

ss 

R * 



F a = E i X 



I t KWQ 

x 

■ * tt 



ft* 



&50*b, *c£P 1 98K X J> 
Ii 



R a ( R + L ) 



as 
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ii T f> * © f£ JS © n S ft W « T R rf* * & \rf h 

6*140*±fh;&«-*fc»3=U *©ttt*Jflr^fci» 
20 0 , 2 02 t^LtHiS 204^4^*o tO« 
iSttifa^*i 2 0 6 ^ i 2 0 8 ^ tttt210^ 
tt212t*^LT-t©*«» 204OAA^«^ 
»»«^4o *f«S 204O-tom^ttJ» 206fc4h 

tfm-vWU 96fi«a 1 50 ri> £>©&*«#*'» 1 52 , 
162,1 70 . 21 6 ZJtLX-SJLbti&o *$-tZ>t 
ft*S*fttfi«S21 * Llt&^X&tomM 

R^«*^A W^^56^-f-6 0 -tOto^f±J»218 

L-C^ ^©ffi^fcia 222fr L-C£ £ *flE*©*'J 
-3 1 - 

#mm t&ikm&* c& &-ox\^z*&Ktt:, m 

m SL tt * -t A it. to © ffl b * <d I ^ # * £ -f 

sreiau:, s*<t^*©«iEK#as#*Bfc* 

A: *>©#IEI£ *S& l 0©<ft*Sfcffl» 

*-*-Afc«#S 250fcftLT^eP 25 2KXj> 

<**l-c^*s* i ©fa $ Kmyts -ttr, «i 4 , 

1 6 T7fk*£ttX\s>& X *> It&toK&M-t- *o R» 
KL-C> LEDl8^fe©x*^¥-*-Afc<Bjt 
S25O©fflft£ffli;*;£0256*tJ: J> 2 -C ^* 
l«3 * K:«^:^i«^:» 2 5 4 lri4Urx ft 2 0 , 2 2 

<B#S 250<t254©ffl}t©r»)fcfc 18 Oat A* 
* t <b % X £ 

£#x*a,*-£ x ft ft 2 8.3QTtj*3*LT 

«jtO(63M^^ 262 t^^nt^iX5 IC«3t 
250,254©<H±©[pJfci:W:9 0 b*b*- 
-r^A#tfrS 2 6 0 friA i:t-tfi«>OK«x^f 
-4r£ttAo *©#*T 29 280 ©fVfflldU «»©*§ 



©ft tfc**-** v e » 

*8*ttiSri»£>©W;fe$:— f ^o/pt^t^r^L 
Kil o 1 fcll 11 o© x 0 

nKm^mmx ***<&-k:wu Rtt<n*tttinst* 

to»^t>^®1 0 "4 TtWt 1 1 0* X<Dmm<D 2 ft© 
ffi*©te«Kfimfe^T^&x*,u*--« 



tin 9 



I» 4R« 
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<fr© X $ K> LED 1 2i 18rf»k5fe<2>ffi:7fc'3ii-7fc#: 
*^K<fc#*fl»3 4 rf'Stf &x*,u*-WU & 

l laSr^ffaLTrUt^ L7t#^©* * X J> 

•frb < X i? 

it/fcflr^a?^©^-C«>^^e>> StfK L?t© t P3 D 

Mechanical Technology Incorporated)!^ X 
i> «f^^ ixA: 7 r <\ '* V* MT I 1000 ^ it 

©«6*J®75» fjRW^ii.*:*^* * 7M 7* xs — y 

jtOASrWa^A C i K X r c - y&ffit & 
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tt % mti i ooQKm&om&K&m-t z> it y~r -f 

^/o- 7 , 300t^to 7 * - ^ 3 0 Ofdt 3 OOjt 

7 '<X-7-on<bJI**U 

30 2 i^<i» 304 tt» x&£.nt i,xmn 

£/l302£304 il "t ^ & ft® ©0? 5£ © ffi ** fc 

fia^rtiijtc, 302 t 304©Mn 

a, # - &mme>-t<of%E.<D&Wfr b<D-mm\s* * 

3 0 6©Wn#ttJfct*tfJ'h3 < * e> *v^„ 

t'Dl 3 0 2 ^^1^^CT^3ix N X 

t<of Mil 30 8tt<*fiRWp^A-r^«nt^&iBj'C/ 
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3EK^L<^AW:> 302 *l-Cn 

Stj»340,342|^ij)^^n-C^iX 5 * ftNf K 

i&oxj&tr+'bm 302* £>©#**> Ai^-t^*^ 

® 3 50©/& 3 5 4 £ 35 8 © M © * JRl * X 
5 LED3 1 0 t 32 0tt|ej D«St»T?> tt*fi## 

ho RflUC, tttt 360 <fc 382K X I?** <**tt^£ 
X 5 4*«HC»0-t3itrrt«fll 3 0 4^£>©ft4>* 
fc*.-C^*#Se©/& 35 4 t 3 56 ©M©«tf *IHl*t 
-f*o -*©***&fi»S*l^ *» 370.372 T 
T^^tLX^h X 5 K&toK&OX&tf***-*- 
ht*M» 306 K X £ £*t »70fC^tn 
Kf*to»33Q~*& ^4. ft 332,33 4 K^JLh 
tLlLfB^ftm I WK7F'Z1rX^2> X. 1 *®&KX 
j)&a<*ix, -fr©tEl»Wt^3a 3 5 0* T©S£«fc^ 
340 <t 3 42 owt>ptx.t* 

«# 360 £ 362©M©#£t±*ifc 3 70 £ 3 7 2©M 
tf N ft 302 t 304 ORDft^i 306©WD« X \> 



<Dft%m 3 0 4 K X *> It ft*. 3 ^©^-/ittlS^ 
m 7 Btf* * 9 K> 31 2 T^-?ix-C^ 

< tt^^j® ) 1 © LED31 o *&© 

302tt*?tt»#*l'C* £ Jbb^^o H*fcL 
t x 322 h-T^* Afltf* tlX 

fctt 7 T -f '<S?-Oftfl/l 30 4tC£tt& X 5 
^ffRff-^ AT7F**-C^*nGSJI 304tt*«H»^' 

M» 30 6 ftttt, »iB»c*s*i.tia 

* X 5 **T-&«© X 5 to 
332 <b 334 K I* 330K8* 

as^a^MW 306 ©s«ntu©^t7 r 4j**mmm 
tto buz. m i m*&m u-csi^ u^i&fiF 

IKK LAl^tt L(C«^^A8E(6iL^(rt^^» 502 
-3 6- 

-j:rt:tt-t©3RM^ifi-j-^^»>x mi- Wit 
t Lxizm-rz>*&w<DmM<Dfiifa 

W*7F-to m9WK**\*Xs &»WKMafi5404 
btlX^Z * - V ? 4 0 2©f^»Klftib ^> 
n.-C^ < &7'a-y400 ^^ , 3itt^*o ^ - *S * 
? AM <D?m<D'&.*kUK \s f * A \ O^Kfrt 

42 4 ^»*t fjiT-^o -t©Ka^©^K:^^ 
LED 42 6 © X 5* mi <D * * - MS 
It a LB042S3fl»feO* ^^^-ttJCiA 

5^ 424©3«!?©W^<:i* K *ti*bw< 4\Q 
t WO « 40 4 til 0-t\ «t jtd 42 6 , 4 2 8K X i?^^ 

it-t^-& x $ *e«nciBo-tai*> »^-c^*^ 

fl&4S4©A430 i432 OW©f *t fi^Wt -&o^ 
^rt»*r 42 0 ©T«a5^^l9:W- b^T^*®2© 
Jti§^ 4 4 0 ©*CC LED4 4 4© X 5*^2©^*^ 
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b^io LED44 4 X>> ft 
1 ^1*1 j» 446,448 -CtF"£*LT 

434 ©^ 4 5 0 <t 4 5 2©M©8itf fcffilt-f * • 5fc fC 

LTtOtra Dlitlh-C^illl 43 4 * fett* 
tCA4iEIiCR^^4. :*J§m»*S» 460© 
U 1 ©tti*>Hl*jOij* 4 6 2fctf Lt««8S 465 -vft 

a^^i. *©«*«»«*«» 4 6 6 ±mm LXX 

MBLiB -t © 1: 10 4 6 8 

if L-C LED426 ^#16 U *t© LED t JBS "5 
-So ^^tt^^O 46 0tt^^ttfll^tj» 470*^ 
L-CJf *» 4 72-si -!:OJ«*{SfCXi)^^ 

fcfc 4 7 4 t/TLt LED4 4 4 L-C-t© LED 

fc^iS*-**,, &*SB 4 6 5tiU LED426rf*fe©fll 
LED4 4 4 b<Dte*Kn LT#*S3 -t 
©#«©***> Z. ZXWLWLX^ZX1&WKi*^ 
THU 180flt7>*$?* UK L^^O-C v *V 434 
© t t J *8!l^^LED426,444 X>»b©itte©i^yu 

-39- 

t©ifcl*»htm;0 4 8 6K3= DT> «B5*» Tifi 
^ f«^J 1 8 oaL&ft-Z tilths 

W«#t«|&L-Cx ^«©^Sf IgHrt-C^flB 434 

iSSOmUW+tPtWHi 4 84 ©A#*S^©MlOh 

3^=i >>? 498 $ i. 

# i 0®f± N * 1 ®K^S*L-C^4&«fr_hT 

u**BW©i6K©#J©f*;«« 

JEK#L<^ltf> #1 &K7fi*tiX\s>&nftto 
tt2 ^©;5frtf3S£»<h 1 o©fc*H*filS t^v^-c 
8T 1 o *.-c^&3?afc#m i ^>© 

mi o®ic*^-c> »ti.T^4«e5 51 oHx a* 

R #tf*ixT^*o LED512© I $ 
e&W^^T, *« 5 1 8 , 520fc tftt« 

x*^¥-KX£ N H»H-c^4«ffi 51 0©A514 



47 6 K X D^^^t^iX? fcettfrCfBOT 

4 78 taot, *©***»*; 

©*«lttfcB:tt fe*LTV***W«4 80 *CA«*&. 
-*©1*fflS§ 4 8 0H:»m 4 3 4CC X bRMZtlALED 
426 , 44 4 b<0 LED fc£#T> ^lO&ffi-t 

*fct> i80£#*S3n/t|&*<»-*f frW:flfc42 8l'C 
Sfe^^o -t©<t^m#«i* 4 8 4^J**_ *>*L*o 

©*tfss©m*;8i^tt» 4 86 ^^ u-crattiftws 

488 © X 9 *ttte*mf*^S5«3*.*o -t©fltfS 
fctfcg 48 8tt#J£«*»» 4 6 0* fc©&* fitted 
^4J» 470,4 90 fctfLTSI**. -tOtttt^W 
33 488 ©W;0ti\ ^B5^#a5©ffi«K«)4 t <t $r 

^toti>47)s * *Lfc*^m##ia©<£« i j? e: 

©8*fcJ£^ti:*K:*>& £ i: ^te^^lfc 
i©tt«^**^7^^^r*>*^x i> L < ttm 
W##3©te«.t J? t ©&«fc&^&»K** c 

-40- 

<b 51 6©M©««^ffi*f MlB^ffitfli 
$?tL^o -tOLED512ttCi0K53O * fc: 

ft 532 *c x ^<5*-c^*&Ri»*r^ 

tlio fi«i@K 53 0tt^ep 5 38ft i i?^^ix-C^ 

% 53 0 LED5 l2-v«i!i& ^ttT^4^#©*l^^r 

JLht^ —1j<D LEOKt DI64^n^i^^^- 
©3ft "3 fcffe:*© LEDtC X D^^^llAli^A'^- 

©au« tat** ^>** t i k t i>tR&znnK± 

^lAtttffl^t^O^o U^»U> LED^lO^l^t 
i^tftio 51 0©Ji©^l 514 ^516©fUJ© 

i ®©jk^ai^A.¥-fllK:w^*4«^x 

ft/J>-5^X9K:x tt 51 8 £ 51 2©M©fttft2)<^* 

»fll542 i 544KX l?^^iXT^4^75: !)JC^ 
A9LKt>1t?>X&m S1Q <D&&*:SiX^2>m 1© 
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&«i5S»WfS 540 ^^5ntW4o LED512 
K X ]?^iW^n-C^iA514 k 5 16© («©£«# 
tUift&^tt X 9 KVift&m&i-Z LED512 
K X $ HR#3 ^"CVaij^ 51 4 £51 6 OMO^i« 
t#t/X9K: % fit HSI 5 52 k 5 5 4 K x i^-S^Ti/* 

a*)** DiC^^ffitcbrtio-r^BS si o ©fg#fc j.-c 
Ui^t^ m?3 0Wc%m&&ito& 540 £ sson, 

LEDS12tf» t>&&3 ft^ 2! ffi 5 1 0 ± © 5 1 4 £ 
516 OMO««t* e>Kjtf * ^ ¥- tftlt 

4. fcjft-f & §#)©*:*>fc:, 2fct*£:£t*toS550 
i^® 510OM©Mitt, &^^^t*m^540 i: 
^ffi 51 0 OlUjO^tt X *> L 51 0K£ 

^fcflfcKs&tt £>ix& 0 ffe©£:-c©iiarc^ <? n-c^ 

18 1 ©&#£#t*W& 540©ffiflri**cf=0 56 0K: 
-4 3- 



* t,^ALtt^ft-c«.4^f)s 2o©;)t3fc© < H:f^ 

8*1 ol2K:^^-cW: N & 2 ©&#£:£# 
tiJS 5 5 0©to2l Sr£tt& ftX>K1£&*frX^Z>& 
5 7 0 fcffi^-t -*T©##J8570 

L*ttfl*5fi£U ^©WflfciB 572t^UT»fl 
Jf8S 5 7 4^{fc*&^* X 9 »Cftfl?t4. » 1 ©&tt 
5 4 0©mflf±»Q#» 5 7 4-* 

4, -t©ao*»tt* 1 ©&wi5£*m» 54ot* 

fc8 5 78 LTfcffifctotf 5 80^-5**0 -t© 



fc£D 562K X i) ^5 n-cvo^ 0 © to fct ^ 

&tf££*toS 54 0 £ 5 5 0 K X £ *f *x £ 
*.*#**©*£ k iKKit-t&o S5K#L<^;L 
«\ * 1 ©&t*fS#t*tbg 5 4 0© ACto^f±«t© 
&#$o£t*tti8 540 #£tf*ft5fc F ! <t<t%CC> 

fc©5£rc£to-c2cffc^* e 

A 



F 1 = 



f EP> ito wt 
~ - J 



Aht^® 510Jh©/&514 k 5l6©M©JfR 
Efct^ffi 51 0 KAJfcf L*ft*K P 
ti#®510©£#*, » Wt&^K«^WS 540 © 
I«t*So [Sl«^LT> IK 2 ©&#£:£***# 

550© to#*& 56 2 ft2>**t* ac to?m> -to 
5 5 0 F , 



Ft = 



E P * da wt 



a* 



Fi k Ft <Dit* k 2> Z tK X JK SgttRtL 

frBfc < t£-c©*Httfc5fe* x $ Ktrm-z 

-4 4- 

tttfltAo -t©*3*m *J©<fttefdU ISl^CC*^ 

^-r^^^ifi^iK^^-rffl^^© t F\cm$fK 1. 

< ^*_tt> Krit aep»AK^ L^k k > M ^ 

K 



F 1 = 



R 1 



GO 



CCK:, * fi^^S 5 7 0 K X i?^JP^ £>*t7t#*a« 
K 



Fi = 



sta "t 



(21) 



(R+L) 1 

Fi + Ft (DffiWKO^tt02O0^t^< 



(Fi+F, ) =tw 



sin 



R* 



(R+b) 1 



(23 



-4 5- 
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&*Kr\>*)L Steffi fctas 

mum ssQ^*jL$>ti&. m 1 mz&mLx&w 

jjfc?-c led 51 2*>» fe©fctt©3*<* fcfWW LT, -t 

it*>K^ Aa»S 574 (DMJiZm 5 924:^L-C«ft 
(elft 5 3 0 ^-5;^ -tOtfJ^t e*>*fmiMtt) (AGC) 
ffi^iLt^^ittjUtiio LEDfcl^Tttf 

-47- 

»9 mKmsixx^z'xmmKWX: Lxmrn-tz 

*&K*tj^o mi l&Kir^X^ LED610©J:$ 
*f&3=L-C> *©fcf*fcJ« 61 4 , 61 5 fC X 

MtlX^Z&m 622 ^&*K -fr0^ffijb0^624 

&6 WK*^t).X^Z>?lifcMKt?^X?7^>1t 
X)K, Y ^Sjtttfc < -f 4* ft 

\/> l: $ K> *tix-C^*g*® 6 2 2tt$B#ttK 
ftfe^T** C £&&* L^o 



fc* ( Fi +F» )=t." 1 



sta $ 



G R 



(R+L)* 



■ 2+ttB 



(23 



i bftbtizmi WK^-zttx^zmtoW x i? * 
mft-r ztt&K^ m i m&m&wxm^x^&m 

• t^fKStt> »*£ LED*&ftK<k 

LED© W^J *&1&KJEfrK1- * Ct 
&mm*C£#$>&o L*5*U CZX&LWLXV* 
ZnifcWKt?\s*Xtt^ TtTt 1 ^>© LEDTttttftO 
LEDOMOit^^ X iMH^jl < ^ LED 5 1 27)* 
©2&#©3a£*> JfeftOiEHS 

i o \%itc7F-mMWrt:> m i wKTZ-stLx^z* 
mmtm&K, smeu &*m, m7& y *it>* 

-48- 

mm 62 2JL©/& 6 3 7,6 3 8©* n^ONJOf 

«^b^JH^^-Cx «j» 6 4 0,6 4 1-rT^^ ^ -r^ 

t§frt^g20uyX 635^^ »J» 632,633K 
X J? ^ <* tlX^ Z>1B>&Kte'OX&AsX < 
*As*-*m 1 <D&m & 6 30*igtt*«^ri*^-£ 
^TV^& 0 L^t550-C > 1 0 MKTF-StiX \*2> 

nmwtw&Ks m 1 <o&m& S30^±mm si2± 

0^ 62 4 ^ 6 2 5 ©MOi^-i< * h ^ T^.* J o & 
I 1 WKtr^Xtt^ ® 1 O^(USB30ttw^ 
635 ©tffc(DK8l 8, ©fcBTK&tt b*L-t^ 

^>o t&lt&Ks 1 ©tftm^ 630ld ^ 635 

<D^tilS 630 OA»tuy^ 635©ir^tCjfi&^o 
»Cl©^toS 630©tti^rt:to^j« 643^^Abft 

4p 

«j»654,655©X 9 £ D^^iit^fi 

»tC»C5-C&«x + yu¥-«:ig^-C^^ <>©<!: L 



-4 9- 
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ar^io^^-jnt^io m 2 ©#tfm 6sowt 

v XX 6 5 2<DttA 6570Htr^^fi:^ & 2 

OtfcffiS650©£f*;d*»3©w>'X652O*r&(D 

5^2 O^WS 650 g# X D**^,, 

i"xX65 2rti5®62 2J;<D/&637£:63 8ri»*><D 

&Jttx*yu*-frift]B663 1 6 6 4fc©oT£*t> 

^624,625^bOx^A^¥-^r^.^J 0 
L2)»U & 3 <D u- y X 652 tf* x * * - 

O^f LUt^2o^HiiS 6 5 0KA#L*^ 

& 2 o^ma 6 5 0 K i: i) §tf ^K^&ttx 

*<fgftgSi £ m DT«,07tB$rc#2 ©t*ffi*3 6 50;*r 
S& 2 ©tfcfcttgi 6 5 0 *C X *) hlXktilM 

x^A-^-oiw:, sr 3 <d u >-x 6 5 2©ir^ <om 

-5 1 - 

(b)#K> LED6I 0-v<DA^«r^ 1 0 EIK^S) 532 

t\ ari i mKf^-^ nxv^ h mm.ii m 1 oe^c^ 

1 986 ^11^4B(C*I%W«|CJ: £ HtJ 
9 26, 75 6 ^W«#Ktt#J©«^&®Is!»*tl2tt 

nmtbm&K r \> mtzMtiv-ibftz *tt>i\, 20 

■tn k©*ms* ToteioMK^^tift^t 

ic^-tio -t*te>©to*m-r xt-^^-a k(h|% 

oSt^ttli^i%±ti, -t©**:(I©£JdU 
c t-ciaw Lx\s>&*nWK&^xft, 

T^* a L < v^* ty/^^-^ Kiel 

-53- 



650©W;£!fctfcti2J#66 8^#;ie>*-*o 

m\ 1 eatc^w-Aigtt Ltt, mi©t*aj3tD, 

( t ©##ttf& 1 © xX 6 3 5^^^®i- 

) tm 2 o^wgs d, oa» ( mm 66ot^<* 
&mmoi, Da * bftn-c^zmm 622*4 to^ 

7F^±\%K7r:°$itX^2>fc1&Z btftbfrK&i^o 
L?t^C»-C> u xX 635 , 6 52 ©ft^il fr&tfj 
*C»«^a t <h K 1 Jk fcfflS 6 3 0 , 6 5 0 om £ 

^ 2 1 ^o^aigstffi^ti 

6 3 0,6 5 0 <D*tmtL<DmjjmSAZ , 6 7 0 , S3 
1 0 mKTfk^tiX^hmm^ S74<DAt)& 560 t 
##22 5 7 0© A 77*1 56 2^-t^^fL^^T $ * 0 

-52- 

^itH'Tji, » l o@^j:^ii liaic^ 

^^rttv ^^OA^fll^ 6 1 2 «t ffi^»^ 643, 

6 7 o * Mr le * ^ <d * s « m e w m * »c Be « <* 

■C^i«l(DA^«^5 2 5 4,56 

^^ti^titeBt-t h C t K lb , *<D11>*®& 

m i 2 i 7 ®tx, ^^^^ <b < k:^ ^ x 
Kaffir % afctbg&on a o^i^Jt^to ttia 

<0\s v Xi>i% \ €>J&KX&.tit-£tlX\r>2>i><D<DjE 

XX 670 TEj^iao^^SJ^^^il-C^io 
-54- 
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com i © ^ v xirX1$Lki*&&1t)bKm^btLZ>o 

1 © \y XX 6 7 0WU m 3 ® * U> T fct & # 
fiint^-SOi^^T^io 8*1 20^ 
*x*A>*-fcg#£&;£L;t2o©*iiiiSfc/fl 

f^ttio L7t^OT % mi 2 IH K * "C 3 
#©vxX675 rDiJtfi**© ^ xX 6 7 0OfflH 

jc«M«riei«ii4 0 mi 3hk^th, 0 

ttOi/^X 675 t Lt^^tit^i^, #J*©3 
it fcOtfttfiS 6 7 70tfl^HtW 6794r^L-C« 

<tt%e*feo*aiftif 050*926,756*9! #s 

-5 5- 

LED 672©Afl**¥,fc#W*5 677, 683 
-t^Oto^^^ 678 , 687fc> 8*1 10^^H"-6 
O^RI*^ mi 0 mK7F-&tlX^2> £ 9 *®& 
* TtttAfrE^fcO^StftfiilKIK 926 ( 756*99lffl 

***b*>s ^xX6F0O|attl 2„, 

f£*t#2 0«» N LE0672OIE 

s?>f i. 3 ««, mm s i 2 o. 4 «ra & a 

O-C^ ftJtff6£S 672;*f5I*ft£fl 0.064 7 *T 
v ( 1.3-r2 0.4 ) Tifci. i/yX6r5Olgfil0 
mb, 1 5mT*>*« 4*tfi»B77© 

ifiStt 2. 5 w*y mm S , 1 5 »T Lfcrf' 
CT^ ft*tf5£g* B7 7 o. 1 6 7 ? 
T/(2.5Tl5)r*4o uvX 681 <OlSaWt20 
u, *&ft/&fgftttt 4 Out^i. t*m8S 683 © 
iffffi 1 mm, mmSt 3 0 u T * -til^iO^ 



m2©3on&©t*ja»*,/8^*>*^ l^^o -c, 

^1 2 BHC^l* t\ &<D 2 * * SB) TD a J 

rt^SixT^&o IRl 3 (2{C*^-C|rj^ ^nt>3 

-t^l^SftOU'VXtt, mi 3 EIK 1 OOfcffl 

5 6 8 3 t LT^?ii-C^*2 ^ftWSOMO 

mi 3(8lC*^-CWU mi i0K:^^AOil 
fctc, uyxesrojiAlittSlRsi <t is] u 

LAii^ttttUS 6 7 7©jft#tf* u>>X 

6 7 5<0^f(C^^>6 0 w^X 68 1©&/&£«rf±Kftil 

s» i^^^b> 683©dtf*W: % f^x 

6810^^0 Xfrb<Dmm&S a'OttfltKfi* 
JS 6 85 -C^-?ix*o mi 1 lafc^Jm L-tg&33 L*: 
nfCN fcttigSD, OW^fHx ^:/X681©&/S 

W^XiJ/J-^^o -*T©fcti#tt W 7J«I 687*^*. ^ 

mi i 0K^<* n-c^a^i^ii ra^^s 

£ggt LttfctfcS 677.68 3€>A«0(H1©K«|-C$> 
-56- 

#<DTT«U fit* 6 8 5 (C X i? ttX\s*Z>tiLW.K 
&Vth&& & 6 8 3©A«tt 120n, -t <D fft # © £ ' 
gtt4wT«>* ( 120-r30Xi ) 0 L^^^t > * 
(tiS 683 ©Af OtS^tt0.l37^7y ( (20 - 
4 ) -r 120 ) t*4o 

mi 4ia*>xD : mi sstt, -*f©&#%£3s 

tf^o L < ^JLtt, LED7 0 Qtt*fi8fc:ttt£ 

^figR?nt^i-^OLEDTi)^ ^£D 702|C 

70 5O^^OS£«l S t O^rfCEI'JKio -tOf 
|| i * * - tfi LED 7 0 0j>^i/yX 7 0 5tifi^t 
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iicr*!), L^^^t^ws 7io©&(ftll w 

XX 71 3 <DmK±-f ho 

jR2©**W3720;t><WxX 72 2©&:5©^*8i 

X 722©*Am*#*©Ig*S, £i>*SV>*^ 
fctfl»D, ©A«f± XX 722©«^Offitt S 
<Z>miC«tt 725T^^h.-C^ittilK^i*^o E 
• Lttt*tti»710,72Q O0{$;cDfW3cD^«T**o 
t*W»710©IB;&J*««»» 727^-5*.fe*U 
3 720 © WflrfJJfJ 72 9^#A 3* 1 1 

702 £ *ffr 1 0 0tC7K« itT^&lali&^ tfctt 
-5 9- 

JfifSTtt, -*©<*|tt»©Afcjd*-*©l*W»fcM 
ft 1 7 BKJ^t:. fc**S5£fS 8 5 0015 » 

©afeH96&#tf»> ^i 40^x^11 ssaitwsi 

ftSi O^KEl«n-6o # 1 ©*#» 8 6 0(D,) 
75*i^X865©8t;fr©&tfSi ©ErCcRKSixao 
-t©l*W» 860 ©lti:*J#ltt27i» 867^^A b *t 
ho #2 ©*ftib» 8 70 (D.)^wxX 87S ©ft# 
©Kits. ©Erft:SeK3n* 0 -*©t*ffi» 8 70© 
Ittfl^tfJfljR 87 7-^#* bix*o tOSJifi^Ct*' 

t© JSJfcttlCi^-Ctt, i^^^ 8650i^Eitt 

I i> {Ij^fciS < > -t©>fcJ6fct*ai» 8 6 0©jA{*H 
8 6 0K * 1? u-vX865©<tF^©^ttSi <&m 



{&v> 0 mi 5 (a^H* L-rffl^ b^i^ < o^o 

705©ttSWtl Owix Sift^A^*** 1 1 5 ... & 
l*l&3=&-r **>t> LBD7 0 0©Ha^ f 1- 3 n> K *S 
St ^15.22nt|>&, Urt:^^>t:> 
700^ifi*^fiEW: 0.0 85 ? v>T X ( 1.3 -rl 5.22) 
T*>*o f 731 ©fiSfl 1 5 n> 
gm 1 8«**Cfc& 0 tfctfcg 710©S&W: 2. 5 «b, 
ilSi ft 1 8«*T*>*o L7t^^-c> 
# 71 0#K*ft*tt 0.1 39 7 XT x (2.5 1 8 ) 

t*4 0 u xX 722©IE&Wt 2 5 n n 

«tt 5 0 »-C$>^o ttlHS 72 0tt^^X 7 2 2©# 

■fiomm 3 s «m©tt*KKhr t^t^aa* b> ** 

tfig720©dl(£ttxxX72 2©tfc:5©i£illl7M 

©m^^r*. u^^o-c N *m» 72o©*s*&b: 

^tt 8. 3wt44 (H7t(35X2.5) ) % L*rf< 
OtWfttt0.1427^7y( (25 -8.3 6 )-H 1 7 ) 

^©^w^^^^^o'^^s —*r©t*ai«fc/H^ 

-60- 

-tvMx^xi^^frc^jsJi-sn. -t© f 

EMiaf^Mt S s 870 ©Utfl* 

i/yX8/5<D^^0OS»' O^f (CfiSM 8 8 5T 

*W3§ 860 <L 8 7 0©W^«^<b> fc#f&3=S850 
l^W:i!ftK^^©^ll^» ! l : WKm 926 ( 756^W^ 

mi 6 12 * x i>* & 1 7Bi(c^*ix-c^*»*w 
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